A membrane filter method was developed and evaluated for the quantitative recovery of Acinetobacter calcoaceticus from environmental waters. The procedure utilized a mineral medium, with sodium acetate and potassium nitrate as the carbon and nitrogen sources, respectively. Formic acid was included to enhance the recovery of A. calcoaceticus and to inhibit background growth. The medium was incubated for 46 h at 30°C, after which fermentation and cytochrome oxidase tests were performed on the colonies as they appeared on the membrane. Background microbial growth decreased on the average by 1 .77 orders of magnitude. An essentially quantitative recovery relative to that on nutrient agar spread plates was obtained from freshly prepared suspensions of eight A. calcoaceticus strains in filter-sterilized pond water and from suspensions offive of the strains held for up to 96 h in filter-sterilized pond water at 15 and 22°C. Markedly reduced relative recoveries were obtained with the three remaining strains. However, these three strains, in contrast to the first five, not only did not grow, but also decreased in number in the eutrophic, filter-sterilized pond water. The confirmation rate of presumptive A. calcoaceticus colonies was 95%, whereas 8% of the presumptively negative colonies were A. calcoaceticus. The precision of the method did not exceed that expected from random error alone. Densities of A. calcoaceticus in freshwaters ranged from <1 to 7.9 x 104 organisms per 100 ml and were about 106 organisms per 100 ml in raw sewage.
Acinetobacter calcoaceticus is an obligately aerobic, oxidase-negative, gram-negative bacterium which is commonly found in soil and aquatic environments (14) , where it comprises a significant part of the total heterotrophic, aerobic population (3) . Only one species is presently recognized (19) , although some authors further separate the species into acid-forming (A. calcoaceticus subsp. anitratus) and non-acid-forming (A. calcoaceticus subsp. iwoffi) strains (17) . Of special note is its ability to grow in lownutrient media containing inorganic sources of nitrogen and any of a variety of simple compounds as the sources of carbon and energy (4, 13) .
The nutritional versatility of A. calcoaceticus is reflected in its ability to survive or multiply or both on or in respiratory therapy equipment, dialysis baths, humidifiers, and catheters. This, along with its occurrence as a commensal organism on human skin and in the oral cavity, has made A. calcoaceticus an important nosocomial agent (7, 22, 23, 29) . A. calcoaceticus is an opportunistic pathogen which has been responsible for cases of pneumonia, tracheobronchitis, systicemia, endocarditis and meningitis and for brain abscesses and infections of the urinary tract, ear, and surgical wounds (8, 11) .
Another consequence of the nutritional versatility of A. calcoaceticus is suggested by reports that the densities of the organism in freshwater environments vary with nutritional loading (5, 14, 27, 28) . The scope of these observations was limited by the method used for the enumeration of the organism (plating of water samples on a rich medium followed by identification of the isolates). The aim of the present investigation was to develop a selective-differential procedure for the quantification of A. calcoaceticus as the first step in better defining the ecology of the organism. Stock suspensions. Approximately 0.5 ml of an overnight nutrient broth culture grown at 30°C was inoculated into 5 ml offresh nutrient broth. After incubation for 2 h at 30°C, the cells were washed three times by centrifugation at 5,000 x g for 20 min followed by suspension of the pellet in S ml of filter-sterilized eutrophic pond water. The water was stored at 4°C for no longer than 3 weeks. Before being used, the water was sterilized by ifitration through 0.7-,um membrane filters (HC; Millipore Corp., Bedford, Mass.) and then through 0.22-,um membrane filters (GS; Millipore Corp.).
MATERIALS AND METHODS
Collection of water samples. Samples from freshwater lakes and ponds were collected in sterile 1-liter polypropylene bottles at various distances from the shoreline and at a depth of about 1 m. The samples were assayed within 4 h of collection. mAc procedure. The mAc procedure is performed as follows. The medium, a modification of that used by Baumann (3) , is prepared by adding the following ingredients to 958 ml of deionized water: sodium acetate 3H2O, 2.0 g; KNO3, 2.0 g; and purified agar (Oxoid; KC Biologicals Inc., Lenexa, Kans.), 10.0 g. The mixture is autoclaved at 121°C for 15 min and cooled to 50°C. Then, the following sterilized ingredients are added as the mixture is stirred: concentrated base, 20.0 ml; 2.0 M KH2PO4, 5.7 ml; 2.0 M Na2HPO4, 14.3 ml; and formic acid (reagent grade; J. T. Baker Chemical Co., Phillipsburg, N.J.), 2.0 ml. The pH is adjusted to 7.2 with 10 N NaOH (ca. 4.3 ml), and the medium is dispensed in 6-ml quantities to sterile petri plates (50 by 12 mm). The plates are stored in the dark at 4°C and should be used within a month.
The concentrated base is prepared by adding 10.0 g of nitrilotriacetic acid to 200 ml of deionized water. About (1), except that phosphate-buffered saline (31) is used as the diluent and wash solution. After filtration, the membranes (pore size, 0.45 to 0.7 nm) are placed grid side up on the surface of mAc agar plates, which are incubated at 30°C for 46 ± 3 h. After incubation, the membranes are transferred to plates of the SR medium, and these are incubated for 2 h at 30°C. Nonfermenting (green or blue) colonies -1 mm in diameter are scored on the filter by punching holes through the membrane alongside the colonies. The membrane is transferred to a pad saturated with oxidase reagent (N,N,N',N'-tetramethyl-pphenylenediamine dihydrochloride, 0.1 g/10 ml of deionized water) for about 10 s and then returned to the plate of SR medium. Oxidase-positive colonies develop purple halos or turn dark purple throughout. The marked, oxidase-negative colonies are counted as A. calcoaceticus. A flow diagram for the method is presented in Fig. 1 .
Performance characteristics. The mAc method was evaluated by predetermined performance guidelines (6) .
(i) Accuracy. Growth experiments. The data on the growth (or death) of A. calcoaceticus were obtained from the same experiments used to determine their relative recoveries by the mAc procedure. In addition, suspensions of one of the strains (25V722L) were similarly prepared in a sample of oligotrophic water obtained from Sebago Lake, Maine. The container in which this water sample was collected and all the glassware used in the experiments were cleaned in chromic acid and thoroughly rinsed.
RESULTS
Development of the mAc procedure. Baumann employed the combination of nutritional selectivity (a mineral-acetate medium) and low pH (5.5) to recover A. calcoaceticus in liquid culture from environmental water samples. This approach toward optimizing the recovery of A. calcoaceticus while minimizing the growth of other bacteria was explored in some initial experiments. Both stock strains and the organisms occurring in environmental water samples were used in comparing prototype media for the recovery of A. calcoaceticus and the inhibition of background organisms. When the Baumann mineral-acetate medium (even if supplemented with complex sources of carbon and nitrogen) was adjusted to pH 5.5, the recoveries of the four strains employed were s0.2% of those obtained with membrane filters placed on brain heart infusion agar. Even when a relatively rich medium (brain heart infusion agar) was used at pH 5.5, the mean relative recovery was 40% (range, 12 to 92%); moreover, with brain heart infusion adjusted to pH values of 5.5, 5.75, and 6.0, recoveries of background organisms from an environmental water sample were 81, 90, and 118%, respectively, relative to those at pH 7.2. The relative recoveries of four A. calcoaceticus strains on the mineral-acetate medium adjusted to pH 8.0 and 10.0 were 76% (range, 25 to 106%) and 73% (range, 22 to 100%o), respectively. Background organisms from environmental water samples were recovered on the mineral acetate medium at pH 9.0, 9.5, and 10.0 at relative levels of 59, 68, and 65%, respectively. Since the extremes of pH proved of little selective value for the recovery of A. calcoaceticus by membrane filtration, a more neutral pH (7.2) was used in subsequent work.
Several compounds known to be utilized by A. calcoaceticus were substituted for sodium acetate as sources of carbon and energy (e.g., Formic acid, at a concentration of 2.0 ml/liter, was added to the prototype mAc medium initially as an electron donor to facilitate the assimilation of nitrate (21) . This resulted in an increase in selectivity with no inhibition of target organisms. When formic acid concentrations of 1.0 to 6.0 mlliter were examined, 2 ml was found to be optimum. At this concentration, the numbers of background colonies in 11 water samples from eight different ponds were reduced by 61% (range, 46 to 85%).
Gelman (47-mm diameter, 0.45-,um pore size, gridded) and Millipore HC (47-mm diameter, 0.7-p.m pore size, gridded) membrane filters were compared for the recovery of A. calcoaceticus from a filter-sterilized pond water suspension of the organism held for up to 24 h at 15°C.
The mAc recoveries of the stressed cells with the two types of membranes were not appreciably different (data not given).
Evaluation of mAc procedure. The accuracy of the mAc procedure was examined first with suspensions of a single A. calcoaceticus subsp. anitratus strain held at four temperatures, 8, 15, 22, and 300C. At 80C, the relative recovery on mAc decreased with increasing storage of the test suspension (Fig. 2) . There also was a suggestion of reduced recoveries with storage at 150C. Therefore, the recoveries of the remaining seven strains were examined with suspensions stored at 15 and 220C (300C is above most The selectivity of the mAc method produced, on the average, a 1.77 order of magnitude reduction of background organisms.
The false-positive and false-negative rates as measures of specificity were 5.5 and 8.0%, respectively ( Table 2) . Of the 23 false-negative isolates, 17 were obtained from the same dilutions at which A. calcoaceticus density estimates were made. The inability to recognize these 17 false-negative isolates reduced the A. calcoaceticus density estimates by an average of 11.9%. The majority of the false-negative isolates came from one body of water and belonged to the non-acid-forming (A. calcoaceticus subsp. lwoffi) variety.
The distribution of D2 values did not indicate excessive filter-to-filter variability across samples.
The data used in defining the upper counting limit for the mAc method are shown in Fig. 3 The ability of strain 25V722L to survive or grow or both in oligotrophic (Sebago Lake, Maine) and eutrophic (Thirty Acre Pond, R.I.) water at four temperatures is shown in Fig. 4 . It can be seen that, irrespective of the trophic state of the water, the cell densities did not increase; rather, they decreased at an incubation temperature of 8°C. As the temperature was increased from 15 to 30°C, the growth rate increased, although it was consistently lower in the oligotrophic water. The maximum density achieved appeared to be related to the trophic state of the water. Because of these findings, seven additional strains were tested at 15 and 22°C (Fig. 5) . These strains varied in their ability to grow in the eutrophic water, and in general, the effect of temperature on the growth rate was confirmed. Moreover, there appeared to be a correlation between the relative recovery by the mAc pro- cedure and the ability of a given strain to survive or grow or both in the eutrophic pond water. Thus, the three strains with the poorest relative recoveries on mAc (NB4, ATCC 23055, and IV14; Table 2 ), did not multiply at 15°C in the eutrophic pond water. At 22°C, strain NB4, whose relative recoveries on mAc were the best of the three, did multiply. The remaining two strains died off rather rapidly at both temperatures.
The mean density of A. calcoaceticus in raw sewage was about 4. ml. The levels in freshwaters ranged from <1 to 7.9 x 104 organisms per 100 ml. The non-acidforming strains comprised about 80% of the Acinetobacter isolates obtained from the Rhode Island ponds. 
DISCUSSION

